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Abstract 

The unexplained sunward acceleration ap of the Pioneer 10 (P10) and 
the Pioneer 11 (Pll) spacecraft remains a mystery. A scalar potential 
model (SPM) that derived from considerations of galaxy clusters, of red- 
shift, and of Hi rotation curves of spiral galaxies is applied to the Pioneer 
Anomaly. Matter is posited to warp the scalar potential p field. The 
changing p field along the light path causes the Pioneer Anomaly. The 
SPM is consistent with the general value of ap; with the annual period- 
icity; with the differing ap between the spacecraft; with the discrepancy 
between Sigma and CHASMP programs at P10 (I) and their closer agree- 
ment at P10 (III); with the slowly declining ap; with the low value of ap 
immediately before the Pll's Saturn encounter; with the high uncertainty 
in the value of ap obtained during and after the Pll's Saturn encounter; 
and with the cosmological connection suggested by ap « cH . The effect 
of the p field warp appears as the curvature of space proposed by gen- 
eral relativity (GR). The Hubble Law and ap ~ cH are manifestations 
of the Newtonian spherical property. Therefore, gravitational attraction, 
the equivalence principle, and the planet ephemeris remain as described 
by GR. GR corresponds to the SPM in the limit in which the Sources and 
Sinks may be replaced by a flat and static p field such as between cluster 
cells and on the Solar System scale at a relatively large distance from a 
Source or Sink. 

Pioneer Anomaly - Gravity Tests - cosmologyrtheory PACS 04.80. Cc, 95.30.Sf, 
98.80.-h 



1 INTRODUCTION 

That an unexplained blueshift exists in the electromagnetic (EM) radio sig- 
nal from the Pioneer 1 (P10) and Pioneer 11 ( Pll) (PA) is well established 
( Anderson et al. 2002t Toth and Turvshev 20061 ). Several models have been 
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proposed to explain the PA ij Anderson et al.l 120021 ). A currently popular inter- 
pretation of the PA is that the Pioneer spacecraft are being subjected to a force 
that causes a sunward acceleration a P w (8.74 ± 1.33) x 10~ 8 cm s~ 2 . That 
ap » cH a , where c (cm s _1 ) is the speed of light and H D (s _1 ) is the Hubble 
constant, suggest a cosmological connection to PA. However, the PA exceeds 
by at least two orders of magnitude the general relativity (GR) corrections to 
Newtonian motion. 

The PA is experimentally observed as a frequency shift but expressed as an 
apparent acceleration. The PA could be an effect other than a real acceleration 
such as a time acceleration ( Anderson et al. 2002 : Nieto and Anderson! l2005ah 
or an effect of an unmodclcd effect on the radio signals. Although unlikely, a 
currently unknown systematics effect is not entirely ruled out. 

Data for the existence o f ap from the Galileo, Ulysses, Voyager, a nd Cassini 
spacecraft are inconclusive ( Anderson et al. 20021 : iNieto et al. I l2005bh . 

In a ddition to the Sun di rected blueshift, there are other characteristics of 
the PA (| Anderson et al.ll2002t ). The PA has an apparent annual periodicity with 
an amplitude of approximately 1.6xl0 -8 cm s -2 . Although within uncertainty 
limits, the Pll anomaly apu « 8.55 x 10~ 8 cm s ~ 2 may be slightly lar ger than 
the P10 anomaly apio ~ 8.47 x 10~ 8 cm s~ 2 ([Anderson et al.l I2002L Section 
V.A., Section VIA., Section VI. D., and Section VIII. G.). The a P calculation 
by the Sigma and CHASMP program methods for P10 (I) and P10 (II) s how a 
discrepancy while showing consistency for P10 (III) ( Anderson et al.ll2002 , Table 
I). T he a P of both spacecraft may be declining with distance (jTurvshev et al 
19991 as shown by the envelope in Fig. 1). The blue shift of the PA is signif- 



icantly smaller ( Nieto and Andersonl 2005a ) immediately before Pll's Saturn 
encounter. The value of ap averaged over a period during and after the Saturn 
encounter had a relatively high uncertainty (jNieto and Andersonll2005a[) . 

An obstacle to a new gravitational physics explanation of the PA is that 
a modification of gravity large enough to explain the PA is in co ntradiction to 



plane tary ephemeredes unless the Equivalence principle is violated ([Anderson et al 



l2002h . The common opinion is that cosmic dynamics according to GR has far too 
little influence in galaxies to be measurable and that the ex pansion of the uni 



verse is essentially negligible for scale s up to galactic clusters (|Cooperstock et al 
19981 Sellwood and Kosowskv 2001 ). Further, the expansion of the universe 
indicated by redshift z has a sign opposite to ap. Several new physics mod - 
els have been proposed ([Anderson et al. 20021 : Bertolami and Paramos! 2004 ). 
Bertolami and Paramos! (j2004h concluded a scalar field is able to explain the 



PA. 

A sc alar potential model (SPM) was derived from considerations of galaxy 
clusters (|Hodgell2006al ). The SPM posits a scalar potential p field exists. The 
Sources of the p field are in the center of spiral galaxies. Sinks are in elliptical 
and other galaxies. The p field was posited to flow from Sources to Sinks like 
heat or fluid. The SPM proposed the p field caused a non-Doppler redshift or 
blueshift of photons traveling through it. The resulting equation was applied to 
z and discrete redshift of galaxies. 

This Paper argues that matter causes a static, non-flowing warp of the p field 
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that causes the PA. The p oc — R^ 1 of the warp induces the H Q value and the 
connection to z observations. That is, the PA is an unaccounted effect on only 
the EM signal. Therefore, gravitational attraction, the equivalence principle, 
and the planet ephemeris remain as described by GR. 

In section[2j the SPM is described and an equation to calculate ap is derived. 
The derived equation is used to calculate ap in Section O The discussion and 
conclusion are in Section [4j 



2 Model 

In addition to the propositions of the SPM, matter is posited to cause a staticQ 
warp in the p field in accordance with the Newtonian spherical property. Be- 
cause the p field near matter must attract other matter, the matter decreases 
the p field. The p field then causes matter attraction according to established 
gravitational physics and causes the frequency change of the EM signal. "Static" 
because matter is neither a Source nor a Sink of energy. Matter merely modifies 
the energy flowing from Sources to Sinks. The PA is an effect on only the EM 
signal and is a blueshift superimposed on the Doppler rcdshift of the receding 
spacecraft. 

The amount of warp p m at a point in space was posited to be equal to 
GM/R, where G is the Newtonian gravitational constant, M is the mass of a 
body, and R is the distance from the center of mass to the point where p is 
calculated. That is, 

N 

Pm = -Y,GM i /R i , (1) 

i 

where N is the number of bodies used in the calculat i on. 

The if min term in the equation derived by I Ho dee (2006a) resulted from the 



flow from Sources. The K vp term results from the relative movement of galaxies. 
Therefore, if m in = and K vp = for the static warp field of matter in the Solar 
System. Because the K factors were calculated in a flowing p field, the static 
warp requires other values of the K factors. The resulting equation for the 
calculated redshift z c is 

z c = c- x - I, (2) 

where 

X = K Ap D,P + K P P + KtF, (3) 
the terms are defined in iHoded (|2006al) . A = 2D (AU) is the distance the radio 



signal travels, and D (AU) is the geocentric distance to the spacecraft. The 
P is a measure of the amount of p the EM signal travels through. The F is a 
measure of the inhomogeneity (turbulence) of p the EM signal travels through. 



1 "Static" such as caused by a stationary electron in a stationary EM field. Sources induce 
a flow such as a source of heat or fluid. 
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3 Results 
3.1 Sample 



The mass of the Kuiper belt of approximately 0.3 Earth masses (jTeplitz et al 



19991 ) and the asteroid belt of approximately one Earth mass were included in 



the mass of the Sun. The ephemeris including GM of the Sun, planets, dwarf 
planets, and moons of Saturn were obtained from JPL's Horizon web sit^l in 
November and December 2006. The planets barycenter data were used for the 
calculation except for the Earth and its moon and except when considering the 
Saturn encounter of Pll. When considering the Saturn encounter, the GM of 
the moons of Saturn without GM data in the Horizon web site were calculated 
from the relative volume and mass of the other moons of Saturn. The data were 
taken from the ephemeris for OO^OO™ of the date listed except for the Saturn 
encounter where hourly data were used. 



The ap data were obtained from Table 2 of iNieto and Anderson! (|2005al ). 
The calculation of p starting from the surface of the Earth along the line-of- 
sight (LOS) to the position of the spacecraft and back used a Visual Basic 
program. Note the calculation of F is direction dependent. The Galaxy's ef- 
fective mass was calculated from the revolution of the Sun about the center of 
the Galaxy and, for simplicity, assumed a spherically symmetric galactic matter 
distribution. For the calculations, the Galaxy center of mass was positioned at 
8 kpc from the Sun in the direction of Sgr A*. The p field due to the Source 
was assumed to be flat across the solar system. Therefore, the effective mass at 
the center of the galaxy accounts for both the vari ation of p from the Source 
and the true mass within the Galaxy (lHodgdl2006bh . 



Equation ([2]) was used to calculate the z c for each spacecraft on each date. 
The calculated PA acceleration ap c (cm s~ 2 ) ([Anderson et al.ll2002l ) is 



ape = — c z c /D\. (4) 

The components of z c values arc listed in Table Figure Q] plots the ap 
and ap c values versus D for each spacecraft. The correlation coefficient between 
the ap and ap c is 0.85 for all data points. Without the Pll 80/66 da ta point, 
which is the most uncertain measurement (jNieto and Anderso rJ l2005ah . the ap 
and ap c correlation coefficient is 0.93. 

The error bars in Fig.Q]refiect the uncertainty from Tabl e II oiAnderson et al 



2002) except for Pf f 80/66 where the uncertainty is frorr lNieto and Anderson 



2005af) . The stochastic variable of the unmodeled accele ration was sampled in 



ten-day or longer batches of data (jAnderson et al.ll2002h . Starting at the Pll 



80/66 data point, the average extended over many months (jNieto and Anderson 



2005al ). The "X's" in Fig.[T]plot the calculated data point for a ten-day change 



from the date of the ap. Some data points showed little change between the 
two dates of calculation. Others showed moderate change. Because the value 
of ap c depends on the closeness of matter to the LOS, a change over ten days 



2 http: / /ssd.jpl. nasa.gov/horizons.cgi 



3 RESULTS 



■5 



Table 1: The values of the constants of Eq. |2]). 



Parameter 


value 








units 


K dp 


1.30 


X 


10" 


■28 


erg 


r l au~ 2 


K v 


2.10 


X 


io- 


■26 


erg 


r 1 ait 1 


K { 


5.38 


X 


io- 


22 


erg 




K m 


-5.98 


X 


10 6 




erg 


; AU" 1 



Table 2: The 


components of Eq. (|2|) and A sun for each < 


Craft Date 


D 


K dp DP 


K P P 


K f F 


X 


A sun 




(AU) 


xlO~ 14 


xlO' 14 


xlO" 14 


XlO" 13 


n 


P10 82/19 


25.80 


-1.83 


-5.74 


15.40 


0.78 


124 


P10 82/347 


27.93 


-2.06 


-5.97 


16.77 


0.87 


165 


P10 83/338 


30.68 


-2.43 


-6.42 


18.54 


0.97 


167 


P10 84/338 


33.36 


-2.82 


-6.85 


20.27 


1.06 


175 


P10 85/138 


36.57 


-4.43 


-9.81 


21.17 


0.69 


12 


P10 86/6 


36.53 


-3.34 


-7.42 


21.12 


1.04 


144 


PIO 87/80 


40.92 


-4.38 


-8.66 


23.96 


1.09 


70 


P10 88/68 


43.34 


-4.76 


-8.90 


26.69 


1.30 


82 


PIO 89/42 


45.37 


-5.04 


-8.99 


26.82 


1.28 


109 


Pll 77/270 


6.49 


-0.24 


-3.05 


2.99 


-0.03 


43 


Pll 80/66 


8.42 


-0.26 


-2.49 


4.23 


0.15 


166 


Pll 82/190 


11.80 


-0.49 


-3.34 


6.41 


0.26 


109 


Pll 83/159 


13.13 


-0.55 


-3.42 


7.25 


0.33 


148 


Pll 84/254 


17.13 


-0.99 


-4.68 


9.83 


0.42 


71 


Pll 85/207 


18.36 


-1.01 


-4.47 


10.62 


0.51 


121 


Pll 86/344 


23.19 


-2.09 


-7.31 


13.74 


0.43 


16 


Pll 87/135 


22.41 


-1.40 


-5.06 


13.23 


0.68 


151 


Pll 88/256 


26.62 


-2.01 


-6.12 


15.93 


0.78 


88 


Pll 89/316 


30.29 


-2.85 


-7.62 


18.29 


0.78 


36 
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Figure 1: Plots of the etp data 
figure) and Pll (right fig ure) . 



versus geocentric distance D for P10 (left 
The solid diamonds reflect the ap from 
Nieto and Anderson! (|2005al ). the solid squares are the calculated points for ap c , 
and the "X's" are calculated points for dates ten days from the date of the ap. 



is due to a body close to the LOS and to long integration times. Therefore, 
the closeness of matter to the LOS introduces an uncertainty for even ten-day 
integration times that was unaccounted in the error budget. 

Th e ap c calculation reproduces the subtler effects of the PA noted bv lAnderson et al 
(j2002h . 



3.2 Annual periodicity 

Figures [2] show the p value along the LOS versus D on dates when the angle 
Aran (degrees) between the LOS and a line from the Earth to the Sun was < 60° 
and when A sun > 120°. 

Table [2] lists the A sun for each data point. On the dates that A sun < 60°, 
the ap and ap c were considerably lower. The correlation coefficient between the 
a P and a Pc without P10 85/138 (A sun « 12°), Pll 86/344 (A sun w 16°), and 
Pll 80/66 (Saturn encounter) is 0.97. The low A sun value combined with long 
integration time causes larger uncertainty. 

To test the effect of the Sun on ap c , the calculation was repeated with the 
Sun excluded (ap sun ). Figure [3] shows the ap c values versus D for the spacecraft 
from Fig. [1] and ap sun . The effect of the Sun is to cause the annual variation 
of the ap c . Therefore, the cause of the PA is also the cause of the annual 
periodicity. 



3.3 Difference of a p between the spacecraft 

The P10 data included one of nine dates (« 0.11) with A sun < 60° and five of 
nine dates (« 0.56) with A sun > 120°. The Pll data included three often dates 
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D(AU) 
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D(AU) 



Figure 2: Plots of the p versus geocentric distance D along the LOS. Data is 



for P 10 on 84/338 (left figure) a P 
(right figure) ap 



7.67 x 10" 8 cm s~ 2 . 



8.43 x lCT 8 cm s" 2 and for P10 on 85/138 



The A s 



175° on P10 84/338 and 



16° on P10 85/138. 



(w 0.30) with A sun < 60° and four of ten dates (« 0.40) with A sun > 120°. 
Figure [3] shows the trend of ap sun versus D between P10 and Pll data points. 
At D > 10 AU, the ap sun appears to be a linear function of D. At D < 10 AU, 
the Sun's influence is to lower apn more than apio- 

The SPM also suggests the mass of the planets and the mass of the galaxy 
has an influence on the p field. Figure [4] plots the ap c for the spacecraft, the ap c 
excluding the outer planets (ap p i ancts ), and the ap c excluding the galaxy mass 
(apgai) versus D. 

Because the outer planets are opposite the Sun for P10, the effect of the 
planets on ap c of P10 is less than Pll. However, as D of Pll increases, the 

<2Pplancts — ► apc- 

From the galaxy scale perspective, the spacecraft in the solar system appears 
as near the large mass of the Sun and inner planets. The effect of the galaxy 
mass appears to decrease the ap c nearly uniformly for Pll. The outer P10 data 
points show a trend to increasing relative effect of the galaxy mass. The orbit 
of P10 is closer to the Sun-Sgr.A* axis than Pll and the D of P10 is greater 
than the D of Pll. However, this effect is w ithin the uncert a inty l evel. 

The difference in apio and opxi noted bv lAnderson et al" ( 2002f ) results pri- 
marily from the effect of the Sun. A secondary effect is the effect caused by 
increasing D and a small effect of the planets on Pll which declines as D in- 
creases. The SPM expects the galaxy mass to have a small difference between 
apio and opn caused by their differ ent travel directions. T he ap is not constant 
as the CHASMP software assumed (| Anderson et alJl2002f ). Therefore, the vary- 
ing ap may explain the difference between the Sigma and CHASM P program 



meth ods for P10 (I) and their closer agreement at P10 (III) ( Anderson et al 
120021 Table I). 
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Figure 3: Plots of the ap c data versus geocentric distance D for P10 (solid 
diamonds) and Pll (solid triangles). The stars plot the data points for ap c 
with the Sun excluded (ap sun ). 
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Figure 4: Plots the ap c versus geocentric distance D for P10 (solid diamonds) 
and for Pll (solid triangles). The data points of ap c excluding the outer planets 
appiancts (left), and the ap c excluding the galaxy mass ap ga i (right) are shown 
as stars. 
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Figure 5: Plot of ap c versus the hours from the closest approach of Pll to 
Saturn. 

3.4 Slow decline in ap 

The plot in Fig. [3] suggests dap sun /d-D at D < 10 AU is nearly zero, followed 
by a decline and then a flattening. 

The radio signal measurements are from and to Earth. At small D, the 
relative effect of the Sun-Earth distance is larger than at farther D. As D 
increases the Solar System effect appears to approach a single mass located at 
the barycenter of the Solar System. Therefore, ap declines and approaches a 
constant value dictated by p oc —R^ 1 . However, the SPM expects that at much 
greater D, the effect of the galaxy mass will increase to cause a difference in the 
ap values between the spacecraft. 

3.5 Saturn encounter 

Figure [5] shows a plot of ap c versus the hours from the closest approach of P f f 
to Saturn on Pll 79/244 (A sun «8°). The plot shows the ap c varies widely over 
a period of hours. The negative ap c is a redshift. As seen in Fig. [TJ the SPM 
is consistent with the Pll 77/ /270 (A sun w 43°) data point at the beginning of 
the Saturn encounter of a near zero blueshift. 

3.6 Large uncertainty of Pll 80/66 

Because the Pll 80/66 (A sun w 166°) data point extends over a relatively long 
time, the rapidly varying ap c seen in Fig. [5] is consistent with the uncertainty 
in the Pll 80/66 data point. 

The a Psun data points for Pll 77/270 and Pll 80/66 in Fig. [3] have only a 
slightly lower slope than the later data points. The planets gravity well is in 
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Figure 6: Plot of the light travel distance Z)i(xl0~ n Mpc) versus A(xl0~ 13 ) 
for both spacecraft. The line is a plot of D\ = 2800X + 5 x 10~ n Mpc. 



a larger gravity well of the Sun, which is in an even larger galaxy gravity well. 
The change from the Sun p versus D curve to a planet gravity well causes a 
smaller K t F term relative to K p P. Table [2] lists \K { F\ < \K p P\ for the Pll 
77/270, where "| |" means "absolute value", and \KfF\ > \K p P\ for other data 
points. Without the Sun gravity well in the calculations, |-KfF| > l-Kp-P for all 
data points. Therefore, the ap sun for the Pll 77/270 data point is consistent 
with the other data points. 



3.7 Cosmological connection 

The SPM obta ins the H a value by z — ► exp(-X) - la -X, where X < in 



Hoded (|2006al ) and X > in this paper. Figure [6] is a plot of D\ with the units 
changed to Mpc versus X. The straight line is a plot of the least-squares fit of 
the data. The line is 

A = (2800 ± 200Mpc)X + (5 ±2) x 10 _11 Mpc 

at la and with a correlation coefficient of 0.95, where H Q — 106 ± 8 km s^ 1 Mpc - 
The PA and the z of cosmology are the result of the same p effect on light. 
In the cosmological z calculation, the z follows the Hubble law if p oc R" 1 . In 
the gravity well, z follows the negative Hubble law if p oc —R" 1 . The presence 
of other galaxies near the path of the light causes P and F variation of z. This 
is also the effect of matter close to the LOS in the PA. In the SPM, the Hubble 
law and ap ~ cH a are manifestations of the Newtonian spherical property. 
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4 Discussion and conclusion 

The variation of a p through the sidereal day remains to be investigated. The 
specific location on Earth relative to the Earth's center and the timing of the 
transmitting and receiving signals are required. The observation that the period 
is a sidereal day rather than a solar day suggests the SPM will be consistent 
with this observation, also. 

The K values were calculated using data obtained in "interesting" environ- 
ments. This means the p field was changing rapidly and long integration times 
were used. The K values could be calculated more accurately with longer in- 
tegration time and in environments with little change in the p field. That is, 
the K values could be calculated more accurately in "uninterseting" environ- 
ments when the Sun and planets are farther from the LOS or by using shorter 
integration times. 

The D at which the ap ga i becomes noticeable is curiously close to the orbit 
of Pluto. 

Near planetary bodies the deep gravitational potential well causes a net 
frequency change of such a low value as to be undetectable. Because the mass 
of the spacecraft is much smaller then planetary bodies, the very small potential 
well of the spacecraft allows an observable frequency shift. 

This SPM of the PA is that the frequency shift is always present and was 
present at less then 10 AU. However, as noted in the Pll 77/270 data point 
and in the Saturn encounter calculation (Fig. [5]), the value of a p changes and 
may be a redshift. Therefore, further analysis of the spacecraft data can be a 
test of this model with additional caveats that a shorter integration period be 
used, that A sun w 180° ± 30°, and that the a p be considered a variable (the 
Sigma software). The Jupiter to Saturn travel period with a minimal radial 
movement would reduce the Doppler effect. Because this model is a non-Doppler 
frequency shift model, the verification of this effect has significant cosmological 
implications. 

The SPM suggests gravity is a manifestation of a curved p field. Sources, 
Sinks, and matter produce the curvature. In GR, matter curves Space and 
curved Spac^l constrains the dynamics of matter. In the SPM, the p field acts 
like the Space of GR and space is a neutral backdrop (flat) in which distance 
is calculated using timing events such as using Cepheid stars. Therefore, the 
proposition that matter warps the p field is reasonable. Space in GR and the p 
field in the SPM is curved, ubiquitous, and corporeal. Therefore, the objection 
to Newtonian mechanics of "action at a distance" is removed. Calling the stuff 
of the p field "Space" as GR does is tempting but confusing when dealing with 
the Euclidean, ne utral backdrop type of space. 

iHodgel (|2006al ) suggests the flow of the p field from Sources to Sinks causes 
the cell structure of galaxy clusters. An analogy is fluid flow from Sources to 
Sinks causes a Rankine oval. The B band luminosity L of a galaxies indicated 

3 The uppercase "S" on Space indicates the view of GR and the p field of the SPM. A lower 
case "s" indicates the neutral backdrop, Euclidean space. 
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the effect of a Source or Sink on the intergalactic rcdshift. In the redshift 
calculation, the use of L may also be the net effect of the Sources and Sinks and 
of the matter around galaxies. A problem with this interpretation is that at 
the outer part of the galaxy, the gravitational mass of the galaxy is still larger 
than the p field effect as evidenced by the net attraction of hydrogen. Also, L 
was fo und to be proportional to spiral galax y rotation cur ve parameters (|Hodgd 
2006tJ) and to galaxy central parameters ( Hodgd 2006c ) that do not include 



the total mass of the galaxy. The paradox between the two uses of L may be 
resolved if the effect of galaxy matter on intergalactic scales is zero. In fluid flow, 
an object placed in an otherwise unconstrained flow produces local turbulence 
downstream. However, eventually the flow of the fluid appears as if the object 
was absent. This is consistent with the presence of high metallicity matter in 
the intergalactic medium (e.g. lAracil et al. 20061 ). Therefore, the proposition 
that matter is neither a Source nor a Sink is consistent with the cluster and 
galaxy observations. Further, if the p field is flat, Vp = and there is no flow. 
In such a condition such as between galaxy clusters, the static field of matter 
extends throughout the flat field. 

The observations that confirm GR also confirm the p field effect because each 
has the same effect on matter. Gravitational lensing is the effect of the p field on 
photons perpendicular to their travel path. The effect herein is the effect of the 
p field on photons along their travel path. When observations consider matter 
that moves through space such as z measurements and gravitational lensing 
observations, the amount, curvature, and flow of the p field must be considered. 

I speculate GR corresponds to the SPM in the limit in which the Sources 
and Sinks may be replaced by a flat and static p field such as between cluster 
cells and on the Solar System scale at a relatively large distance from a Source 
or Sink. On the galaxy and galaxy cluster scale the p fi eld is significantly curved 
from the proximity of Sources and Sinks and GR fails (jSellwood and Kosowskv 



2001). 



For a sample of 19 data points with published Pioneer Anomaly "accelera- 
tion" values, the SPM was found to be consistent with the observation of not 
o nly the value of the Pio neer Anomaly, but also with the subtler effects noted 
in Anderson et al. (2002). The SPM is consistent with the general value of ap; 



with the annual periodicity; with the differing ap between the spacecraft; with 
the discrepancy between Sigma and CHASMP programs at P10 (I) and their 
closer agreement at P10 (III); with the slowly declining ap; with the low value 
of ap immediately before the Pll's Saturn encounter; with the high uncertainty 
in the value of ap obtained during and after the Pll's Saturn encounter; and 
with the cosmological connection suggested by ap « cH Q . The SPM has out- 
standing correlation to observed data when the long integration time combined 
with rapidly changing p field is insignificant. Because the gradient of the p 
field produces a force on matter, the effect of the p field warp appears as the 
curvature of space proposed by GR that causes the gravitational potential of 
matter. 
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